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IDENTITY
1.1 KNomenclaturse

1.11 Valid name

Yenaeus setiferus (Linneaus) 1767, Syst.
Nat.(ed.12) 1:1054

The ocontroversy over the uss of the

name setiferus for the present species or for
P. schmittli has been definitely decided in
favor of the first alternative by the Inter-

national Commission on Zoological Nomenclature

" in their Opinion 817 (1967, Bull. zool.

Nomencl, 24(3):151).

1.12 Objective synonymy l/

Astacug fluviatilis, Americanus, 3Seba,

1729

Cancer sstiferus Linnaeus, 1767

Astaous setiferus (Linnaeus) Olivier

1791

Cancer (CQammarellus) setiferus
(Linnaeus) Herbst, 1793

Penaeus fluviatilis Say, 1818 (an

- objective synonym of Cancer setiferus

L., 1767, through the type selection
by Holthuis, 1964, Bull. gool. Nomencl.,
21(3):233). |

Panasus setifer (Linn;eua) L. .

Agassiz, 1549

l.2 Taxonomy
1.2]1 Affinities

Supragenerio (to'family-aftar'ﬂatermun

and Chace, 1960}

Ent.&yat.:355,403. Type species, by selection

Phylum Arthropoda
Class Crustacea
Subolase Malacostracsa
Series Bumalacostracsa
Superordsr Bucarida
Order Dacapoda
Suborder Natantia
Seotion Penaeldea
Family Penaaidae
Subfamily FPenaeinae

Generio

(lenus Penaeua Fabricius, 1798, Suppl.

by Latreille, 1810, Consid.gén.Anim.Crust.
Araobn,.Ine.:102,422: Penaeus monodon Fab-
rioius, 1798, Suppl.Ent.Syet.1408, Gender:

2 or 3 gegments, usually 3.

Definition

Rostrum toothed dorsally and ventrally.
Carapace without longitudinal or transverse
sutures; cervical and orbito~antennal suled
and antennal carinae slways present. Hepatic
and antennal spines pronounced, pterygoatomial
angle rounded. Telson with deep median sul-
cug, without fixed subapical spines, with ar
without lateral movable spihes. First an-~
tennular segment without a spine on ventral
distomedian border. Antennular flagella
shorter than carapace. Maxillulary palp with
Basial Bpines on
1st and 2nd pereiopods; exopoeds on let 4 per-
elopode, usually present on 5th. Patasma
aymnetricsl, pod-like with thin median lobens
with or without distal protuberances; lateral
lobes often with thickenesd ventral margin,
Appendix masculina with distal segment sub-
triangular or ovoid, bearing numerous spines.
Thelycum usually with an anterior process,
variable in shape, lying between the ocoxaa of
4th perelopeda; with or without lateral plates
on sternite XIV, Pleurobranckiae on somitesa
IX to XIV: & rudlmentary arthrobranch on
somite VII, and a posterior arthrobranch on -
somite XI1l; mastigobrancbhiae on somites VII
to X11. Lygocardiac oesicle consisting of
a principal tooth followed by a iongitudinal
row of smaller teeth which often end in a
cluster of minute teeth, Body glabrous.
(After Dall, 1957, slightly modified by Pérez-
Farfante). |

Specifin
Identity of type specimens

The specimen figured by Seba (1759, Loou-

‘plet. Rer. nat. Thes. 3: pl. 17 fig. 2) is the

holotype, or if the original description was
based on mere material, the lectotype of Cancer
setiferus L. (by the selection by Holthuis,
1962, Gulf Research Rep. 1{3):115). The
original type material is lost and a neotype
hae been designated by Burkenrocad {1939, Bull.
Bingham oceanogr. Coll., 6(6):117). The neotype
is & male from Matanzae Inlet, Florida (0-10
fathoms, otter-trawl 2 April 1934, M.B. Bishop)
in the Bingham Cceanographioc Collection of Yale
University, New Haven, Conn, U.S.A., preserved

“under no. B.0.,C. 237. This neotype selection

has been valideted by the International Com-
misgion on Zoological Nomenclaturea in their
Opi?iun 8117 (1967, Bull. zocl. Nomencl, 24(3)1

Tyre locality
"In Indiis" (Linnaeus, 1767), rastricted

to "America" (Seba, 1759) by the lectotype
selection (Holthula, 1962) and satill further

restricted to Matanzas Inlet, Florida, U.S.A.

~masouline. - by the neotype selection (Burkenroad, 1939).

1!; Th.-guthufg ﬁigh to éxpraﬂa their appreciastion to Dr. Holthuils who provided the 1nformafian.in'
| this mection. '
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Diagnoais

o Ldrﬁntril carina not reaching bahind-_.
middle of carapace; gastrofrontal carina
abasent; hepatic carina present; rostral

"-tunth usually 9 dorsal, 2 ventral; an-

terior portion of the ventral margin of the
pleuron on the lst pleonic somite almoat
atraight; thelycum of female with open
seminal receptiocle; posterior portion

of 14th sternite of female with conspic-

' uous pair of fleshy protuberances; disto-

veritral lobule of distomedian lobe of petasna
-rnundnd and not projectingy petasma of male
with diagonal ridge aoross ventral face of
distoventral lobe (Burkenroad, 1934, 1936;
Ewald 1965) | |

Bubjectiva synonymy

Penasus o orbignyanus Latrailla, 1817
iﬂua Burkenroad, 1939, p. 19)

Panneus gracilirostris Thallwltm, 1891
(see Burkenroad 1939, p.lT)

Kay tn apecles

- For kay to Bpaciaa of the Haatern a
Atlantic see section 1.21 of synopsis on
Penasus sohmittli by Iaabal Péraz—Farfanta -

fl??ﬂj.
. .1.22 T&xnﬁﬁmiu status

Penaeus setiferus is one of the about
- 28 species of the genus Penaeus, and the
firet to sver get & vallid scientific name.
. 1t 1ms very olose to Penasus schmitti Burken-
- road (see Species Synopsis 10) and was only.
diatinguishad from that species as late &8

-f1936._ |
B 1.23 Subapaoias

No subspecies are currantly racngniaad
- in thin npaciaa. -

| .1.24,Standard'nammﬁn names

. U.S8.A.: white shrimp

Mexioco: oamarén blanco

;Fhrnanular-namaa-

- U.8.A commnon ahrimp archain

- graan shrimp Snuthport, H.Garnlina
. " " Jacksonville, Florida
gray shrimp (N.Carolina and Filorida

srean—tailad ahrimp (Pamlioco Sound, L

| N. Carolinn)
_hlua-tnilud shrimp (Ocrecoke,

H.Carulinﬂ)
laka ahrinp (Luuiaiann)

FRm/B8101 Penaeus setiferus

1.3 Morphology
1 31 External murphulqu

Young (1959) daaoribad in datail thl
skeletal and muscle eystema and discusaed the

nervous, circulatory, digestive, sxoretory, and

reproductive systems., Burkenroad {1934, 1939),

- Rioja (1939, 1940, 1941), and King (1948)
desoribed minute detaila of the external and

internal raprnductlva Byatama.

ﬁilliama (1965, p.18) desoribed the nnlor

- "Body translucent, bluish white with dusky bande

and patches unmpoaad of scattered black apecksj
rostrun and sides tinged with pink; - blades of
pleopods marked with dark red; antennae dark

brown;. uropods with tips of blades dark brown-

igh purple with narrow atripa of yellowish
green along margin " -

Burkanrﬂad (1934) rapnrtud that Bpauimana

*frﬁﬁ the Atlantio coast of ths United States
. have longer rostrums than those from the Gulf

of Mexico, but Lindner and Anderson {1956) be-
lieved Burkenroad was comparing immature Atlan-
tic apecimens with mature Gulf shrimp.,  Péres-

 Farfante (personal ocommunication) detected no

differences between the Atlantin and Gulf of
Mexioco pnpulatinns.

Haturu shrimp have a shorter rostrum than
immature shrimp of the same total length. Lind-
ner and Anderson (1956, Fig.30) showed the rela-
tion between rostral length and total length for
immature and mature female shrimp from Louisiana.

The bodies of older shrimp tend to thicken, .

-and their weights are greater in propertion to

length than are those of younger shrimp (Ander-
son and Lindner, 1958; Vioca, 1920).

'(Sea 5150_3.11) |
© 1.33 Protein specificity

- Serological cumpariaoha nf'aalinaihamnnyu-'.
nin filtrates of P, setiferus, P, azteocus and

P, duorarum from North Carolina by Leone and
'-'Pryur (1952, 31) "... place P, aztecus and

- Ps duorarunm nlnaar to each other than either is
- to P, petiferus ,..," and "P, setiferus is more
| gimilar to P, duorarum than it is to P, azta-

cus." Thaaa authors also atatad “Thu goro-
1ugiual differences are aignificant, and support
" the theory that these organiams are three dim=
tinot, but closely ralatad, apauiua“ |
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2 DISTRIBUTIOR
2.1 Total area

According to Pérez-Farfante {parsonal
communication), P. setiferus is limited to the
sast coast of the United States and the CGulf
of Mexico, land areas 235, 237, 238, and 311
of FAO distribution code (Holthuis and Rosa,
1965). It has been reported from Fire Island,
New York {Burkenroad, 1939), south to St.
Lucie Inlet, Florida (Gunter, 1963), with the
center of abundance off Georgia and north-
eastern Florida. It was generally thought to
be absent between St. Lucie Inlet and
Ochlocknee River, Florida (Joyce and Eldred,
1966), but Springer and Bullis (1952), re-
corded one epecimen from about 46 m of water
at lat. 24746 N, and long. 82°59' W, From
Apalachicola Bay, Florida, a concentration ex-~
tending westerly and southerly to northeastern
Mexico has a center of abundance in Louisiana.
A third concentration in the southern part of
the Gulf of Campeche extends northeasterly
along the coast from about Tupilco, Tabasco
to Campeche, Campeche (lLindner, unpublished
records). Bullis and Thompson (196%) caught
P. petiferus at 1lat.20°17' N, long. 91935' W,
which appeard 4o bes near the limit of its oc-
currence in this area. The greatenst depth re-
corded for P. setiferus is about 82 m in the
Gulf of Mexico near the mouth of the _ |
Miesieasippi River {(Bullis and Thompson, 1965,
OREGON station 1499, lat, 28%°48' N, long.
89%26' w; 45 fm (82 m)).

The species is most abundant in areas
characterized by extensive inland, brackish
marshes connected by passes to shallow, off-
shore areas of relatively high salinity and
mud or clay bottoms (Anderson, King and '
Lindner, 1949). In the bays and shallow |
waters along the coasts of Georgia and the '
northwestern Gulf of Mexico, it is most |
frequently taken by otter trawle in associa-
- tion with fishes of the Family Sciaenidae
(Anderson, personal communicaiion; Gunter,

1945). _
2.2 Differential distribution

2.21 Spawn, larvae, and juvﬁnilual

. Most, and poseibly all, spawning of P,
setiferus is at sea. Off Louisiana, spawning
probably does not occcur in deptha less than
about 9 m (Pearson, 1939; Lindner and
Anderson, 1956). At Port Aransas, Texae,
‘Heegaard (1953, p. 78) believe it "spawns
immediately outside the coast at 8 distance
of 5 to 6 miles (9.3 to 11.1 km} from shore."
- Some spawning along a portion of the Atlantic
coast may occur near shore. Pearscn (1939)
collected eggs on 5 occasions at St., Augustine
Inlet, Florida, and Lindner and Anderson -
(1956, p. 616) on the basis of ripe shrimp
taken in trawls stated, ". . . moet spawning
in Georgia end northern Florida is in outaide

i

waters more than 1 mile (1.9 km) from shore,

al thougzh some epawning may mctually occur in
inside waters in thie area.”

Off Lousiana, most spawning wae in depths
between 9 and 31 m (Lindner and Anderson,
1956). The greatest depth at which Pearson
(1939) encountered larvae was about 55 m.

The eggs are demersal and ihe larval
Btages planktonic. Occasionally, eggs and
larvae are carried into the estuaries (Pearson,
1939}, but normally the young shrimp enter- the
estuarine nurseries as poetlarvae at a total
length {tip of rostrum to tip of telson) of 6
to 7 mn (Weymouth, Lindner and Anderson, 1933
Pearson, 1939; Anderson, King and Lindner,
1949; Bearden, 1961; Baxter and Renfro,
1966). On reaching the estuaries, the post-
larvae become benthic {Anderson, Lindner and
King, 1949; Williams, 1955), Habitate are
characterized by shallow water, muddy or peaty
bottoms high in organic deiritus, abundance
marsh graeses, moderate to low salinities, and
widely fluctuating temperatures (Weymouth,
Lindner and Anderson, 1333; Anderson, King
and Lindner, 1949; Williams, 1955, 1955a;
Loesch, 1965; Mock, M5).

As the shrimp grow, they move gradually
from the shallow marginal areas to the deeper
parte of the estuaries and then out to the
open sea, They first appear on the estuarine
fishing grounds in June or July, depending on
locality, at a modal aize of between 80 and
100 mm total length. Minimum length is abou
50 mm (Weymouth, Lindner and Anderson, 1933
Gunter, 1950; Lindner and Anderson, 1956).
Usually within a month of their appearance on
the estuarine fishing grounds, some of the

- young have reached the open sea at a modal

length of between 100 and 120 mm, This sea-
ward movement continues throughout summer and
i heightened in fall and winter by lowering

temperatures (Lindner and Anderson, 1956).

2,22 Adults
'Séa'aeutinna 2.1, 3.51, and 5.31.

2.3 Determinants of distribution changes

-~ The determinants of distribution changes
are largely unknown. Generally, it is presumed
that postlarvae enter estuaries for food and
shelter. Lindner and Anderson (1956) specula~
ted that the movement from sstuarine areas to
the open sea was associated with approaching
maturity. They and Gunter (1950) agree that
this movement is intensified by falling tem-
peratures during the latter part of the year.

-Migrations along the ﬁtlantic coant and
of feshore~onghore movemente in the northem
Gulf of Mexico during fall and winter were

- attributed to temperature changes by Lindner
and Apderson (1956),
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N BIOﬁDH'IGS AXD LIFE H’::sToa_f
. 3.1 Raprndﬁution. .
3.1 Sexuality -
_. - Haterﬁﬁeiual;_ Saxés are aaailj'diating- .
uisheds male with endopod of the 1st pair of

pleopods modified to form a copulatory organ,
the petasmaj female with open type thelyoum

situated batwean the 3rd, 4th and 5th pﬂrain—.' |

pﬂdBi

| Riaja (1939, 1940) described tha intern—
‘al or medial antennular flagellum of adult
males as being thicker and more robust than
that of adult femuless§ and having 16 of its
gogmente each bearing 1 uniforamly-large

- gentral and 2 small lateral spines.
al spines are lacking on some of the segments
however, especially on the distal ones. The
epines are absent in females, which have a
tuft of bristles near the base of the external
border much longer than in males,
believed this antennular organ of the males to
be mensorial and intimately related with -
-naxual functinna.

Four mala thtﬂ ahrimp (143 to 180 mm
total length) from the Texas coast that were
examined by us differed from Riojan's descript-
jon, which presumably was based on shrimp from
- the Culf of Campeche. Three of the shrimp had
26 of theilr antennular segmente bearing a large
central epine, and the 4th had 24. There was
“only 1 lateral spine per segment and not all
segments with large central spines hed lateral
‘Bpines. The number vuried from 12 to 17. |
Dall (1957) said in his description of the
- genus Penaseug that the 3rd maxilliped is - =
sexually dimorphis. Rioja (1948) who studied
- in detail the 3rd maxilliped of P. californien—
- 8is Holmes, P. stylirestris Stimpsomn, -
P.'vunnamai Bﬂana, and P. setiferus, stated
~ that the 3rd maxilliped of P opliforniengis’
was sexually dimorphio. He did not describe,

however, sexual dimorphism in the cther species.

From this statement we conclude that Rioja

. found no difference between the 3rd maxillipad'

of P. setiferus males and females. We examin-
ed 2 females (150 and 191 mm total length)

and. 1 mals {163 mm) from the northwestern
Qulf of Mexico and ocould find no sex=linked
differences between proportions of each seg-
ment of the 3rd maxilliped against dactylus
or between the total length of the shrimp
againat length of 3rd maxilliped. 1In all 3
specimens, the 3rd maxilliped extended to the

- _distnlataral edge uf the antennular peduncle,

Uaymnuth, Lindnar and Anderann (1933) |
"noted a difference which inoreased with age in
-mean total lengths of the sexes. This dispar-
ity wae later studied by Williams (1955) who .
~ ¢onoluded that after the mean size of the =~

The later-

" Rioja (1939) .

- laboratory.

| 'ﬁhrinp in the pdpulation.exoeudud'100 nn, the
. mean total lengths of the females were nannint-
B ently largar than those of the males. -

3.12 Haturitx

Broad (1965), inteprating langth-fraquan-

cy plote of louisiana white ehrimp published

by Lindner and Anderson (1956), datarmined

- that sexual maturity is reached at a total

length of 140 mm. - Burkenroad (1934) reportod

that females become sexually mature at a

carapace length of about 35 mm (about 165 mm

 total length)and that ripe sperm firsi appear
 at 25 mm carapace length (abnut 119 mm tntal

langth)- |

‘Distinctive changes in colnr and size
accompany maturation of the ovary (King, 1948).
Ueing these changes, King differentiated the
following phases of development which are

- aasily idantifiad in the field. -

Undavelnpedl arary amall and transparent.

'Dafaluping: ovary . upaquu; nnatturud

malannphures over the surface.

_thlnw: ovary yallaw-tu yelloﬂ4nrangt.

" Ripe:t ovary. drab, nliva-brown colored;
very distended. -

Rauent1y apént:. Ovary uullapﬁad'and not
as desply cclored as when ripe.

-3113 'nﬂtinax

There is no record fhat mating has been

 observed, but it is believed that P. setiferus

is promiscucus., The male attthad"h.aparmatn-'.
phore to the female before spawning. The |

- spermatophore is placad externally between the
- 3rd, 4th, and 5th pairs nf paraiupnda (King,

1943).. | |
3. 14 _Fbrtilisatinn |

R Oenerally believed to be ﬁxternal; uapon

| emisﬁinn, the eggs are fertilized by sperm

from the aspermatophore. Cook, however, (un-
published racnrﬂBS-repnrted that recently

captured gravid females, without external

spermatophores, spawned viable sggs in the

These eggs hatohed into apparent-
ly normsl larvae whioh wers reared to subadult
sige. The Bax.ratio of tha juvenilaﬂ WAS 111._

3.15 Gunada

“No detailed in?aatigationa have been
mada on the relation of gonad size and number
of eggs to body length, weight, or age. 1t
has been aestimated, however, that from 500,000

~ to 1,000,000 6888 Are pruduaad by one
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individual at a spawning. Anderson, King and
Lindner (1949) oocunted about 860,000 eggs in
the ovaries of a ripe female 172 mm total
length. Burkenroad (1934) reported that the
spormatophores of large mature males were no
larger than those from smaller mature nmales.
King (1948), who examined the entire goneds of
- geveral speolimena of hoth pexes, reported them
tc be homogenous in struoture and stage of
davelorment of the germ cells.

.3-16' Spawning

- The number of times a white shrimp spawns
in a single year is unknown. Most shrimp
biologists agree that these shrimp may spawn
repeatedly in a aingle season. Lindner and
Anderson {1956) speculated that a single
shrimp oould spawn as many as 4 timee in a

geagon and indicated that a few females probab-

ly survived to spawn during a Beeund EQAEON,

Weymouth et al, (1933, p. 24) stated that,
"P. setiferus spawns from March or April to
| August or September « . . ™ With cnnsidar—
"~ ably more data than those available to
Weymouth et al., Lindner and Anderson {1956,
ps616) concluded, "When we oconsider sampling
“technique and errora, it appears probable that
-there is little, if any, difference between
spawning seasons in any of the locallties we
covered between South Carolina and Texss.
There probably is not more than about 2 weeks'
difference in the beginning of spawvning between
any of the localities. Spawning may atart
later in South Carclina and Qeorgia than it
does in Florida, Louisiana, and Texas, but in
all the localities it probably begins either
during the latter part of March or early in
April and may possibly continue on into
Rovember, though probably it is uomplatad by
the end of September.™

Lindnar and_nndaraon (1956) placed the
peak of spawning in June or July. More recent
studies on ovarian development in the northe
weetern Qulf of Mexigo by Renfro and Brusher
(MS) and on osourrence of larvae in plankton
collactions by Temple and Fischer (1968)
substantiate the findings uf Lindner and

Anderson (1956)

Spauning in laboratory aquariums has
occurred only at night. On 2 occasions,
P, patiferus spawned between 2230 and 2300
Central Standard Time (Cook, unpubliched
recorda ). - | -

Spawning is assooliated with size and
probably also with ape because the largest
females s +n first (YWeymouth ot al., 1933;
Lindner ar Anderson, 1956).

o Spawning alg0 appears to be affected by
temperature. Lindner and Anderson (1956,

PRS-

- {(Williams, 1955

p. 620) stated, "Spawning in Louisiana ﬂppearﬁ_'

MS ).

i

to be more closely aspooiated with rising and
falling temperatures than with absolute temps-
rature. « » The comparatively abrupt rise in
the spring temperature coincides rather close-
ly with the heginning of the spawning season
and may, indeed, initiate it, while the season
peems to terminate as soon as the temperatures
begin to decline rapidly in the fall, even
though they are at that time appreciably high-
&> than those which evidently induced spawning
in the rpring."

Data from studies in areas where the 3
specias P. petiferus, P. duorarum and P. azie-

- ous ocour together Euggeﬂt that Epaﬂning 868~

sons of the first 2 probably coincide. That
of P, aztecus overlaps the others but ite peak
of spawning activaty is either later or earlier
Joyce, 19653 Christmas, Gun-
ter and Musgrave, 1966§ Renfro and Brusher,
Temple and Fischer (1968) indicated that
in the northwestern Gulf of Mexico peak apaw=-
ning of P. astecus occurs later than that of

P, setiferus and that the larvae or posilarvae,
or bot of P. sztecus overwinter in waters of
the cﬂntlnsntal ahelf.

The egge are spawned direotly into the
vwater and there is no nesting or reproductive
isolation.

Spawning activity within a season aAppears
to inorsase to a single peak and then deolins,

‘but the young produced do not follow this pat-

tern. Depending upon the locality, two or three
brooda of young shrimp may appear on the fishing
grounds sach season {Gunter, 19503 Lindner and
Anderson, 1956)

3.17 Spawn

The eggs ars demersal, nonadhealive and
spherical. Live eggs measure 0,28 mm, Xach egg
has a thin, transparent membrane, or ochorion,
that gives a purplish-blue coloration in refleot-
ed light under the mioroscope (Paarﬂﬂn, 1939},

3.2 Pre-adult phase

3.21' Enmbryonio phase

In late developmental stages, the ambryo
ie well-differentiated almoet filling the egg,
arnil lsaving only a narrow perivitalline space.
The length of the embryo is about 0.256 mm. The

dark brown embryo is invested by a thin, trang-

parent, and ocolorless embryonic membrane. Three
pairs of appendager, corresponding to the 1st and
2nd antennae and mandibles, can be seen foldead
olosely to the body. Several hours before
hatohing the embryo mukes convulsive movements
within the egge The embryonioc membrane is

broken by the anternnae. The egg membrane is.
normally ruptured socon after and the larva
emerges., Aotual emergence from the egg takes
only a few seconds (Pearsoen, 1939).
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1,22 Larval phase

White shrimp larvae were described by
Peareon (1939) from specimens taken from the
plankton. He encountared 5 nauplial eub-
stagen, 3 protozoeal substages, and 2 mysis
substagen. Heegaard (1953) also reported 2
‘mysis substages but an editorial footnote
auggests more than 2. Three mysis substages
are present in laboratory-reared larvae (Cook,
unpublished records). It is probable that
Pearson did not encounter tha 2nd mysis audb-—
ptage. - | ' -

~ Jonnson and Pielding (1956) reported that
the length of larval life was 10 to 12 days.
They said, however, that the metamorphiec period
is not of fixed duration, but depends to some
extent on local food and habitat. When reared
in the laboratory at 30° C, larvae grew to st
poatlarvae in 9 to 13 days; thoase reared at -
220 ¢ vequired 15 to 24 days (Cook, unpublished
recordsa ). | |

Nauplii do not feed, but utilisze yolk
granules whioh fill their body, Feeding startie
at the 1st protozeal substage. In the labora-
tory, they are fed successfully with miorosoco-
pioc green algae and brine shrimp nauplii.
First protozea feed while swimmings movements
of the maxillae and maxillipeds produce a feed-
" ing current (Pearson, 1939). '

The sizes of the various larval ﬁtagaa are
given in Table 1, |

3.23 Adolescent phase

During the sarly postlarval stages, the
young ehrimp are etill planktonic in the off-
shore waters. At a total length of about 7 mm
' they enter the estuarine nureery grounds and
tske up a benthioc existence, undergoing no
striking morphological changes as they continue
development. Williama (1953, 1959) has given
characters whioh allow separation of certain
slze ranges of postlarval white shrimp from
postlarval P. aztecus and P. ducrarum of
comparable size, |

Various estimates have baen made of growth
during the adolescent phase. Viosca (1920) and
gunter {1950) estimated growth at about 1.0 mm
per days Williams (1955)
Lindner and Anderson (19%6) at 80 mm in 2 mo or
1.3 mm per day. Loeach (1965) suggestad that
"vory young white shrimp may grow as muoh as
65 mm per month" or about 2.2 mm per day.
Johnaon and Fislding (1956) estimated that
ocaptive postlarvae grew at a rate of 2.1 mm per
day for 24 days and 1.7 mm per day for the next
- 28 days. R. S. Wheeler (personal communication)
grew postlarvae from 12.2 mm to 92.9 mm in
- 5 wk during the summer in a pond at Oalveston,

Texasj growth rate was 2.3 mm per day. '

at 1.2 mm per dayj and

LUy | - DU

_ TABLE I
Sige of egg, larvae and first postlarvae
of white shrimp (Pearson,1939)

Stage of development Length (mm)

Bgg - 0.28
Ngupliua I | 0,300,434
Naupliuﬂ_II 0,32=0,34
Nauplius IIX 0.36-0,40
Nauplius IV 0e38~0444
Haupliué v 0.46-0.56
Protozoea I 0,80-1.14
Protogoea 11 1e3 =1l.7
~ Protozoea III 242 =2,6
Mysias I - | _. 3.2 =3.8
Mysis II* | o 4.0 —444

~ Postlarva 1 - 4,0 =5,0
* Probably Mysis III.

Williams (1955, 1955a), who etudied
estuarine habitats, noted that bottom areas of
mud oy fibrous peat are preferred by young
P. getiferus, but that they oocasionally oocur
on bottoms of sand or olay.  He also concluded
that the depth of water over thess areas did
not affect the numbers of shrimp, and that
preferred areas usually had abundant cover,
conaisting primarily of organic litter and
living vegetation. In controlled laboratory
experiments, Jjuvenile P. metiferus oococurred
more frequently on loose peat, sandy mud, and
muddy sand than on shell sand and beach sand

(Williams, 1958),

In Mobile Bay, Alabama, postlarval and
juvenile P. setiferus (15 to 70 mm total length)
were most abundant in water less than 0.6 m
deep where the bottom contained large amounts
of organio detritus (loesch, 1965). Mook (¥S),
who sampled postlarval and juvenile white shrimp
in an eatuary at the shore and at a distance
of about 15 m ana 310 m from shore, enococuntered
98 percent of the white shrimp at the shore
gtation. This shore area was charaterized by
an organic mat or peat bottom (composed of more
than 40 percent orgunica) bordered by emergent
vegaetation that was under water at high tide.
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Varioue investigators, inocluding Gunter

1950, 1961), Cunter, Christmas and Killebrew

19645, Williame (1955a),and Joyce (1965) have
reported ithat postlarvac and juveniles of
P, setiferus, P. mztecus, and P. duorarum
venetrate toward fresh water in the order given.
Gunter, Christmas and Killebrew (1964) recorded
lower salinity limits of 0.42°%/vo for P, seti-
farua, 0.80°/§0 for P. astecus and 2,500 /o0 for
Po ducrarum in the northern Gulf of Mexico. On
the northeast coast of Florida the lower sali-
nity limits weres P. setiferus, 0.269/oo} ,
P, aztecus, 0.46°/co} and P. duorarum, 0.64° /o0

hfjuyue, 1965)#

In Qalveston Bay, Texas, lee Trent and
Jack Puilen (personal ocommunication) on 23 April
1966, caught 9 P. azteous, ranging in.total
length between 40 and 75 mm, in bottom salinity
of C.1%/0o0. The bottom temperature was 28.0° ¢,
On 12 Juliy 1966 they captured 70 P. setiferus,
15 ¢0 65 mm long, in a salinity of 0.7°/o0 and
& temperature of 29.0% C. (There is some gues-
tiocn as to the accuraocy of the above low sali-
nity reoords because they were determined from
ochlorinity analyses.) 3 |

At the other extreme, OGunter (1961) repori-
ed P, setiferus from a salinity of 41.3%°/oo and
Hildebrand (1958) caught them, from 23 to 76 mm
long, in Laguna Madre, Mexioo in salinity of
47.96° /oo, * Hildebrand (personal communication)
atateds "In Laguna Madre of Texas, I have teken
several specimens at a salinity of 62.4“/bﬂ. |
Howaver, this was in South Bay where the sali-
nity might vary greatly with wind shifte and
tidal patterns over relatively short pariods of
time. I alsc took it in salinities of 56.8%/c0
in the Upper Laguna Madre near South Bird Island.
In general, I would agree with Simmons {(1957)
that it is generally rare at palinities grester
than 40°/0o and that the few that ooour at high-
er sallinitiss are strays or partioularly hardy
individuals which have survived a gradual in-
oresse in salinity." |

In genaral, resu’te of laboratory experi-
mente substaniiate fisll obhservations.
Qriffith and Zein-Eldin (personal communication)
recorded B0 percent survival of P. setiferus
after 1 mo's expoeure tc salinlties of 4.0 and
54.0“fba. These specimens were between 50 and
N0 mm total lengthsy they were held at a con-
stant temperature of 259 ¢ and were gradually
“acvlimated to the final salinities over a period
or 4 wKe

In snother experiment, when shrimp increas—
- ad in averege total length from € to 50 mm in
28 days, 80 peroent of the experimental popul-
ation swr “ved salinities of 2,0 and 40.0°/co.
Yemperaty 8 were held constant at 25° C and
‘the aoclimation period was 48 h.

FR@/S101'Pénaaua setiferus

Zoula Zein-Eldin and (Jeorge (Uriffith
{pereonal communication) believe that the period
of seclimation is extremely important in deter-

‘mining the extremes of salinity and temperature

at which Penmseus app. can survive.

Temperature extremes are not documented as
well as salinity extremes. Weymouth et al.
(1933) encountered P. setiferus in temperatures
ranging from 99 to 319 €. Both P. setiferus
and P. azteocus have survived a temperature of
36° C in a pond in North Carolina (Lunm,'1956].
The total length ranged between 5.1 and 9.5 om
for P. setiferus and between t1.4 and 17.8 om
for P. aztecus. The same author {1958) stated
that shrimp (presumably P. setiferus) in ponds
aurvived temperatures axneéﬁfﬁg—gﬂﬁ_b.

Trent and Pullen (personal ﬂummunic&tiun)i
“after examining data from studies in Galveston
Bay, reported the catch of 1 live but immobile
P. getiferus (65 mm total length) on 28 January
1963, where bottom temperature was 2,6° ¢ and
salinity 12,8%°/oc. Their records also phow &
catoh of 531 P. setiferus (mean total length
85 mm} at botiom temperature and salinity of
35,5% ¢ and 24.09/00 on 26 August 1963,

Rapidly decreasing temperature is known to
kill P. petiferus. The rapidity of the ohange
appears to be more importunt than the actual
temperature (Cunter, 1941; Ounter snd Hildebrand,
19513 Lindner and Anderson, 19563 lunz, 1958).
Iethal temperaturee are not known pbut Gunter
(1941) reported surface water in Copano Bay,
Taxas, to have reachsd a low of 4° ¢ during the
1940 kill and Iunz (1958) mentioned 4.5° C.

- Weymouth ot al, (1933) and Gunter (1950)
obtained a positive correlation between salinity
eand sige of white shrimp, but Lindner and
Anderson (1956) demonstrated that the sigze relat-
ion was with locality rather than salinity,

Gunter and Hildebrand d&vslﬂpad'a relation
between Texas rainfall and Texas catch of P. seti-
ferugs. The highest correlation was between the

- gatch of the year and ihe average annual rain-

fall of that year and the two previous years,
with high catches associated with high reinfall
valuaes. They believed this relation was caused
by salinity changes in the bays {Hildebrand and
Qunter, 19533 Qunter and Hildebrand, 1954).

3-3 hdﬂlt.Eh&EE

3,31 Llongevity

No method has been developed to detarmine
reliably the age of an individual shrimp.
Lindner (1953) developed a technique for estim-
ating age for restricted periocds by mark-reosap-
ture experiments, and Lindner and Anderson {1956)
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demongtrated lte udefuiness in interpreting
length-freiuency distributiona, Neither this
technique, however, nor tha von Bertalanffy
growth formula, 1, = L, (1-1“K(t“tﬂ )s can be
" used aB a reliable indicator of shrimp age whan
the constant K changes as it does in P. geti-
ferus between warm and cold periods. The me-~
thod of Urein (1963) may be an alternative.

Using information gainead from muturity
studies and length froyuenny plots, Lindner
and Anderson (1956) demonstrated that P. geti-
ferus lives at least 16 mo, but owing to high
mortality, the number that live 2 yr or more
ia small with respact to the total population.

"3o 32 Hordiness

Acocording to de Sylva (1954), P. ssti-
ferus is the least hardy, P. aztecus is the
mest hardy, and P. duorarum is intermediate.
Field observations by the senior author while
trawling, confirmed by David Harrington (per-
sonal communication), indicate P. duorarum to

- be the most hardy of the 3 species and P.

setiferus the least. Butler (1962) observed
that under laboratory conditions P. aztecus
is more hardy than P. setiferus.

- On the basis of size distridution in wint-
er, Lindner and Anderson (1956) believed that
jJuvenile and subadult P. setiferus are better
able t0 withstand cold than the sdults. Con-
firmation of this relation by experimental
evidence is lacking.

Shrimp are extremely vulnerable to agrioul-.

tural pestiocides (Chin and Allen, 1957; Butler,
1962, 1963, 19663 Butler and Springer, 1963).
Poptlarval and small shrimp are generally more
gongitive to pesticides than large shrimpj
large white shyimp are less tolerant to some
pesticides than large brown shrimp (Butler,
1962). Butler and Springer {1963, pp. 380,
381) stated, "Because shrimp, crabs, and other
crustaceans are arthropods, like the insects,
they understandahly are sensitive to many of
the chemical ineseotioclides. Concentrations of
heptaochlor, endrin, and lindane in the range of
Q03064 pepab. killed or immobilized half of |
the adult commercial brown and pink shrimp
axposed in 48-h laboratory tests, Other chlor-
inated hydrocarbons, including DDT, chlordane,
toxaphene, and dieldrin, showed similar effects
at 1-6 p.p.bs In the laboratory, paralyzed
individuals may live for daym or aven weeks,
but in the struggle for survival in the sea
this conditlion results almost immediately in
death." |

}+33 Competitors

Little ir known about the competition
among the 3} ppecies of Penseus. P. setiferus
and P. aztecus may ve competitors during nmost
or all of their lives {Broad, 1965). Where the

115

— el

Ay pr-ra—" i

3 speciee ocour off (alveston, Texas,

however, the adultas occupy quite distinet
areas. Adult P. setiferus are most abundant
on mud or sandy mud bottoms shoreward of 27T m,
and adult P. aztecus are on gimilar boitoms
seaward of 27 ms Adult P. ducrarum oocur mosti
abundantly on shell or sandy shell hottoms,

- On the Galveston Bay nursery grounds,
the bulk of P. aztecua young are leaving or

‘have left these grounds before most poetlarval

P. ducrarum and P. setiferus have arrived.
When the postlarvae ogcur together on the same
mireery grounds, those of P. setiferus are
closer to shore than those of P. sztecus
(loesch, 19653 Mook, M3 ). Postlarvae of

P. ducrarum seem to prefer grass flats.
Williame (1955n) reported seasonal, size, and
areal differences in the estuarine distribut-
ion of postlarvae and juveniles of the 3 speo-

_iea in North Carolins.

3.34 Predators

| No exhaustive study of white shrimp pred-
ators has been undertaken. - Predators on larvaas,
undoubtedly nuamerous, are unknown. Robexrt
Temple (personal communication) has observed
Penasun mysis in the digestive traotas of arrow
worns (Chaetognatha), but he was unable to
determine whether the arrow worma had besn
feeding on the larval shrimp or whether they
had accidently ingested the larvae while in
the plankton net or while dying from the pre-
saervative.

Knapp {1949) examined 10,016 stomachs of
34 species of fishesa from coastal waters of
Texas betwasn 7 June and 31 August 1948.
Shrimp, principally P. aztecus, occurred in
61.8 percent of the 5,946 stomachs containing
food. He reported shrimp as being the most
widely used food betwsen June and August, the
season when P. agziecus is at peak biomass
(kutkuhn, 1982), |

The following fish predators of Penaeus
shrimp have been reported from the United
States (areass 235 and 238 by Gunter {1945),
Knapp (1949), Darnell (1958%1

Carcharhinus leucas
Dasyatis sabina
Nlops saurus |
Megalops atlantious
Anchoa mitechilli -
Bagre marinus

Coryphaens hippurus
Bairdiella ohrysura

Cx&nﬂciun arenarius
anoacinn nebulopus
Hiurngnﬁnn undulatus

Menticirrhus sp.

Galeichthys felis Fogonias aromis
Ictalurus furcatus Soiaenops ocellata
Roccus miseissippiensis Scomberomorus cavalla

lutjanus blackfordi Scomberomorus maculatus
Pomatomus saltatrix Istiophorus IHakaira
Rachyentron canadum Paralichthys lethostigma
Caranx hippos

Wo believe the above list of predatoers la
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incomplete, To us, Quntaer's (1957, p. 102) Class Cestoda: - Prochristianella penaei

remarks seem entirely appropriate: "It is a
general observation of everyone working with
shrimp that they are eaten by almost everything
that is large enough to eat them, all the time.
They are eaten by everything that lives around,
in, or above the sea, including the lowly jelly-
fishe They are not only eaten but they are
preferred."

_ Tha defense raantinn of Penaeus ie a rapid
flaxing of the abdomen that causes the animal
to dart backward. In large specimens the dis-
tance may be 1 m or more in less than 1 geo
(obmervations of the authors).

3.35 Parasites, diaaaaaﬁ,_injuriau,
and abnormaiities

The following parasaites have been recorded
from P. setiferuss Class Telosporideat
HamataEEiB penaeug Sprague, 1954. Found in
intestinal tract of host (Sprague, 1954);
ogours as trophozoites, sporonte, and gametom
oysts {Kruse, 1959). Kruse (1959) reported
100 percent infection in Alligator Harbor and
Apalachicola Bay, Florida. ©Shrimp have to be
continually reinfeoted, or they loee the infec-
tions (Sprague, 19543 Kruee, 1959). Intestinal
epithelium can be appreciably damaged (Sprague,

1954 ).

Class Cnidosporidea: Thaluhania Eenaai
Sprague, 1950. PFound in reproductive organs of
male and female (Sprague, 1950)3 ocours as
sporea anid sporonte (sprague, 1950). Viosca
(1943) stated that in 1919 about 90 percent of
P, setiferus in louisiana were infected with
& protozoan that destroyed th31r reprnduativa
OTZans .

Class Cnidosporidea:t Thelohania sp. Kruse,
1959, Found mainly in musoles, it also ocours
in other organs as sporonte, panaporoblasts,
and spores. Xruse (1959) recorded 10 percent
infeotion in Alligator Harbor and Apalachicola,
Florida, mnd counsidered this organism to be the
‘cause of the "cotton”™ or "milk" condition in
) getiferus, P, aztecus and P. duorarum.
Wootton shrimp,” for esthetic reasons, are not
aacaptabla for marketlng in the United States.

| ClBEE Tromatodas O euoﬂlnidea flmbrlatua
(Linton, 1934). Hutton et al. {1959, p. 19}
found this paraaite'"Enuyﬂtad in the hapato-
panoreas, the gonads, in the soft tissues of
the head, around the mouth, around the stomach
and in the soft tissues under the exoskeleton."

- It ooccurs as metacercaria in Penaeus, adults in

various species of fishes of the Family
Sciaenidae (Kruse, 19593 Hutton 8% al., 1959)
Hutton et al. (1959) found a single specimen

in white shrimp from Apalaﬁhicola Bay, Flnriﬂa.-

Kruse (1959), who worked in the game area,
enoountsred it only in P. duorarum.

~ Kruse (1959).

- 4 parasites
- Eldred (1962

‘that which they choose.

Found by Kruse {(1959) in
"digestive gland and tissues surrounding
digestive gland and stomach, blastocysts of
larvae frequently penetrating wall of digest-
ive gland," Plerocerci ocour in Penasus,
adults in the ray Dasyatis sabina {Aidriuh,
1965 ). - Kruse {1959) stated that in the north-
eagstern Qulf of Mexioco 94.4 per cent of P. geti~
ferus were infected with an average of 14.7

plerccerci. Aldrich (1965) reported 50 percant

"~ of the white shrimp in Oalveston Bay, Texas, to

be infeoted. Both incidence and intensity of
infection increase with the size of the shrimp,
up to a size of about 14 mm carapace length

(Aldrich, 1965).

Clamss Cestodatr Polypocephalusm sp.
(« Parataenia sp.). Hutton (1964) listed this
cestods as infeoting P. setiferus as an inter-
mediate host. He reported ed it to be present in
numerous localities in Florida.

Class Nematoda: Contracasum sp. Kruse
(1959) found juveniler '"In digestive gland and
tissues surrounding digestive gland and stomaoh,
not encysted." The same author reported 5.5
percent infeotion in Alligator Harbor and
Apalachicola Bay, Floridam, and an average of
er shrimp. Hutton, Ball and

sncountered 15.5 percent infest-
atiun and as many as 22 paraaltea in one speci-
M

Daweon {1957) found maturing Balanus on 4
white shrimp.

3&4 Nutrition and gguwth
3.41 Fﬂading

From observations on Penaeug feeding in
aquariums, the senior author is oonvinced that
they are selective and particulate feeders.

Shrimp search through the sand grains with their

pereiopods and pass toward the mandibles only
They appear to be
particulaerly fond of polychaete worma.

3.42 and

Studies on the food habits of shrimp have
been hindered. because their stomach contents
are usually macerated and difficult to identify.
Viosca {1920) and Weymouth et al. {1933) report—
ed P. setiferus to be omnivorous. In reviewing

" the literature on the food of the 3 species of

Penaeus of the United States, Darnell (1958}

and Broad (196%) reachsd the same oconolusion.
Cannibalism in oaptive P, setiferus was observ-

ed by Weymouth et al. (1933), Williams (1955),

in discuseing the food of the 3} speocies in

‘North Carolina estunries, stated that gtomaohs
-usually were full during summer, full or half-

filled during fall, and nearly always empty in
winter,
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3«43} Orowth rate

Lindner and Anderson {1956) demonstrated,
by means of mark-recapture experiments, that
growth in P. metiferus along the ocaste of the
United States was much less when the temper-
ature was below 209 ¢ than when it was above,
They developed Walford (1946) growth lines from
successive 10~day intervals for the pericd of
rarid growth. These data, oconverted to 30-day
lires, had the following oharacteristicss
Y » 45.8 + 0,7427 X L

Males » 178,0 mm

LY

Femanles Y a 5644 + 0.7225 X L, = 203,0 mm

Combined ¥ = 51,00 + 0.7322 X L, = 190.45 mm

Klima {1963, and personal communication)
caloulated von Bertalanffy growth parameters
from two mark-recapture expariments. ¥For
T-day periods these parameters wares

(Personal
1063 ‘communication )
iu -0.6 0,2
Iﬁm 224 mm | 214 min
W 87 ¢ 75.1 g
K 0,06 0.09

3.44 Hatabnliam

Johnson and PFielding (1956) fed fresh fish
to 2 groups of small white shrimp at a rate of
10 percent of their initial body weight per day.
One group was held at 34%/oo salinity and the
other at 18.5%°/00 for 2 wk. Their resulte are
summarized in the table given below.

P. getiferus are able to regulate total
body fluid concentrations. Body fluids are
byperosmotio in brackish water and hyposmotic
in hypersaline environments, Regulation app-
ears to be more effective in low-salinity
water, Also, the shrimp regulate the ionico
ooncentration of Na, Cl, K, Ca and Ng in their
gserun (McParland and lee, 1963). -

Initial Terminal
waight waeisht

(r) (2)

Salinity

3!1__

m

ghrinp tagged with Petersen discs.

Love and Thompeon (1966) studied the amino
ncid concentration in abdomens of P. metiferus
and P. aztecus. The amino acide they found are
shown in Table II, Nitrogen content did not
vary seasonally in brown shrimp tsils or offal,
but certain amino acids did. Concentrations of
a number of amino acide differed significantly
between P. azteous and P. setiferus, but the
variation between analyses of Pes azteocus on
different dates indioates that the differences
between species may not be truly significant.

In an earlier study, Jonesg, Moeller and
Gersdorff (1925) reported tryptophane in the
nuscle of P. setiferus.

- Boroughs, Chipman and Rice (1957, p. 82)
etated that P. setiferus "accumilated strontium
rapidly from sea water,"

3.5 Behaviour
3.51 Migrations and local movemsnts

Tha young shrimp are planktonic in the

-offehore waters during their larval life and

enter the estuaries as postlarvae about 7 mm
total lengthe It is generally believed thuat
these younger stagas are not capable of exten-
s8lve movement and that to reach the inside
waters they must encounter favorable currents.
Once in the estuaries, thay make their way to
the leass Baline, shallower areas, presumably by
utilizing tidal currents. After growing rapidly

for 3 or 4 mo, the young move into the deeper
- waters of the rivers and bays and then to seas.

Movement out of the estuuries appears to depend
on stagze of maturity and temperaturse.

Lindner and Anderson {(1956) desoribed the
general migration of adult white shrimp from
Klima (1963)
reported on 2 experiments in Louisiana in which
bioclogical stains were used to mark white shrimp
and found the same pattern of movement as deos-
¢ribed by Lindner and Andexrson for tagged shrimp
in that area.

The following aoccount of white shrimp
migrations has been taken from Lindner and
Anderson (1956), The longest migration recordad

Conversion
ratio

ood
congumed

.(g)
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PABLE I
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Average aminu acid ooncentrations in tail meats af Gulf of Haxioo Shrilp
[adaptad from Love and Thompaon, 1966)

Amino aolids

Alanine

Arginine

Aspartio gaid

Uyatinn/z
| Olutamic ﬁcidl
Glycine '
Histidine
Eydrqulyaina

Hydroxyproline

Isoleucine
Leucine
Lysins
Methionine
| Ornithine

Phenylalanine

Proline - i

- Serine

Taurine

Threonine

Tryptophan |
Tyrosine

- Ufaa. .

Yaline

il

3.70
3.16
3.98

0433
4-90.

6,35
0,67
0.05
0,09

1,86
3035
2,82

0,87

0e13
1.11
2,11

1.92

0.47
1.70
0,39
0.77
_0,07'

2,06

¥ Indioates diffarﬂnaq

N 51 55122ﬂﬂ
- 20/2/64
g . malea[mg N
3.64 4426
3.81 3,60
4014  4.64
0436 0,09
4,97  5.64
6419 6.45
0.79 0,76
0,03 0,01
0.11 0,03
2,02 2,13
359 3.87
3.52 3.11
1.04  1.06
0.10 0.12
1.20 1430
2;29 2046
1,96  2.33
0,31 .57
RIYKE 1.93
- 0.4%
0.85 0;74:
0.08 0.16
2,31 2,57

E. setiferus
20/2/6:
g moles/mg N

- 4.36
5¢57
0,38
6.22
6.96
0.86
0.04
0,01

2,59
R
3.06
1.25
0.1l
.'1,42'
2,41

2,40
0,65

.2.16 o

0,89

2.80

| S8ignifiocant epecies

} difference between

samples taken on
20/2/64
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vas 360 mi (667 km) in 95 days, and the great-

est time between marking and recapture was -
257 days.

. After reaching outside waters, movements
vary with sige, locality, and season. BShrimp "
less than 130 mm, total length, did not migrate
extonsively, but remained adjacent to their
nursery Breas.. Shrimp larger than 1310 mm
‘'exhibited distinot migratinna that varied with
looality.

Atlantic coamtt The white ehrimp in this
area migrate southward during the autumn and
early winter and then move northward again in
late winter and early spring. These movements

parallel the coust, and do not extend into deep-

or water far from the coapt. During late
spring and summer movement is hot pronounced,

Northern GQulf east of the Mississipis All
that is known of movement in this ares is that
during autumn and winter the shrimp move into
deeper water and toward the mouth of the |

Misaipeipi River.

Northern Qulf west of the Mississipi River:
The only definite movements in this area are
offahore and onshore movements. The large
shrimp move offshore and dlsperse during autumn
and winter. Apparently the Mississippi River
acts as a natural barrier. .

Central Texas and northern Mexioo: The
migration in this part of the CGulf appears
pimilar to that on the Atlantie oocast, but the
evidence is not conolusive. Indications are
that the ghrimp move from central Texas into
northern Mexico during auvtumn and early winter.

—— —

There'should'alnn be a horraﬂpuhding nbrthuard
migration out of Mexico in the spring.

3.52 Schuuling

Hildebrand (1954) etated that white

-ahrimp school more axtansively'than ralatad

species.

The senior author believes that white

gshrimp of about the same age or length tend to

aggregate in groups but that these aggregations
do not possess ths consistency through time

generally attributed to a school of fishe.

3¢53 Responses to stimuli
Thermal

| See mection 3,16 for effect of taﬁpﬁraiura
on spawning and 4.42 for lethal tenperatures.

Lindner and Anderson (1956) found that

P. setiferus moved from shallow to deeper wat-

er in response to unusual cold spells. Thay
also uncovered evidence that the smaller shrimp
moved back into shallower water as the water
temperature increased.

Optical

Temple and Fischer (1965) demonstrated
that penseid larvas showed vertical diurnal
migratioria when the water column was vertical-
ly stable. Larvae moved into the surface
layers in darknala and into deeper water during
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4 POPULATION
4,1 Structure
- 4.11 .Sax ratio
' The sex ratio im 131,
4412 Age unmpﬁaitinn
o The mortality rate ia-high,-and while.

somg. white shrimp may live more than 2 yr,
the peroentdge is insignificant. Age ocom-
posltion of the catch consequently varies die

rectly with reoruitment and movement of the
maturing shrimp into offshore waters.,

The ynung.entar.thé inshora fishery at

an'aga of about 2 mo and the offshore fishery

at about 3 or 4 mo. -

4,13 Siza cnmﬁnsitinn ﬂ

51ae;uumpnsitiuﬂ vﬁriaa'in tha"ﬁama-Man- -

_‘nﬂr_as'age composition.

- The young enter the inshore fishery at a
minimum total length of about 50 mm and the
offshore fishery at a minimum total length of
about 100 mm, Lindner and Anderson (1956)
give an L, of 203 mm for females and an L, of
178 mm for males {see also 3.43). P

The welghts of large shrimp are greater
in relation to length than are those of small
ones, There is no appreciable difference in
length~weight relations between sexes. Chin
(1960) expressed the length-weight relation
- with the following equation: L

Log W = =5,289 + (3.075) (Log L)

This equation agrees with the langth-
weight relation given by Anderson and Lindner
(1958) until the shrimp reach a total length
of 143 mm, Above this size, weights at com-
parable lengths given by Anderson and Lindner
ware greater than those of Chin (1960). |
Anderson and Lindner found a difference in
length-weight relations between mature and
immature shrimp; mature shrimp weighed more
et a given total length., Chin believed that

this faotor might explain the differences be~ |

tween ths 2 sets of data,

4.2 Abundance and density of Euggl&tinn '

4-22 Changea in ahundaﬁaa

- Whitr =hrimp produotion peaked in the
early 194C s, Produotion in 1940 is astimated
to have been about 65,000 metrio tons, whole

- welght., At this time, intenseive fishing for
brown and pink shrimp had not started, and
white shrimp were estimated to acoount for 95

peroent or more of ihe total oatch (Anderson,

e 1 Bast cuaat,'—
Year |North Carolina
1 to Florida

41

il

| Lindnﬁr and King, 1949). Bﬁthﬁan 1945 and

1948, production of white shrimp dealined and
has not approached the high levels »nf the
early 1940's since then. During the yesars
for which we have raliable statistics (1957

to 1965, Table III), the oatoh has varied

from 14,447 metrioc tons in 1957 to 36,188 in

1963, The cause of these fluotuations is not
known, - - -

| . TABLE III
- United 3tates white shrimp landings
-in metric tons, whole weight

- (ulf coast,)
- . Florida

to Taxaa
1957 | 6,673 1,774 | 14,447
1958 ”5,032 17,980 -23.012'
:1959 5,816 .17,16?- 22,983
| 1960 _ 8,522 | 19,826 28,348
1961 6,365 - 10,093 | 16,458
l1962 | 5,504 A 16,181 21,685
1963 | 3,297 32,891 36,188
1964 | 3,683 30,720 | 34,403
1965 | 17,395 23,470 30,865

In 1340, the white shrimp population in
South Carolina and Jeorgia wae decimated by a
severe oold mspell. In 1941, the retwrn of
landings to normal indicated that 2 normal |
crop may be produced hy relatively few spawn-~
ers (Lindner and Anderson, 1956}, Kutkuhn
(1962) attributed the low 1957 landings of
vhite shrimp in Louisliana to the effeots of
savere Bltorms which struock the coast while the
young of the apring spawning class wers in the

eatuaries, Again, the fishery made a good rea-

covery after 1 yr. - . |
| 4.23 k?ﬁraga den&ify
RKutkuhn (1962) indicated the 4-yr trend

. .(1956 to 1959) in biomass of P. metiferus in

the northern Gulf of Mexico $o have been in-
oreasing to the east of the Miesiesippi River

~ and deoreasing to the weat.

4,24 thngﬁﬁ in density

There are 2 periods of inoreamed density
on the offshore fishing groundas, one in late

‘fall and the other in epring (Weymouth, et sl.,

19333 Lindner and Anderson, 1956; Kutkuhn,

- 1962),
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de3 'Hhtalitz and recruitment

4.33 Reoruitment

Rats of recruitment has not been determined.
With some loosl variation, inshors recrultment
atarts in June and continuee until the onset
of oold weather (Lindner and Anderson, 1956).

4.4 MNortality and morbidity
4.41 Mortality rates

Klima (1963) gave an instantaneous total
mortality rate of 0.92 for white shrimp off
louisiana from September through November.
This ie a 14-day rate of deocline of 60 perocent:

4.42 Tactors uauﬂing_uf-nffunting
mortality |

Séa-iaatibna 3434 and 4,22

| FRm/S101 Penasus setiferua.

4+43 Faotors affecting morbidity

See seotions 31.23, 3.32, and 3.35

4.6 The population in the community and
the ecosysten -

After making an extensive survey o¢f nmacro-
fauna on the white shrimp grounds in the (ulf
of Mexico, Hildebrand (19%54) listed the domin-
ant organisms to bes VWhite shrimp, Penseus seti-
foruss blue arab, Callinectes danaej sea pansy,
Renilla mullerisy Texas venus, Pitar texasiamnaj
silver meairout, Cynoscion nothugs Atlantio
oroaker, Mioropogon undulatusj Atlantic thread=-

- fin, Polydactylus ootonemusj and sea catfish;
Galeiothys felise o o
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5 EXPLOITATION
5.7 PFishing equipment

5-11 (Jears

The various gears used in the inshore
Tishory for white shrimp range from the modern
trawl to primitive weirs and include trynets,
pushnets, frame trawls, lift or drop nets,
side frame *trawls, eelines, cast nets and dip
nets. In the United States some shrimp are
~ taken in estuaries for sale as balt, largely
with a single 3= to 11=m otter trawl with a
stretched mesh size of 3 to 5 om« If the
shrimp are to be kept alive, they are placed
in a tank on the boat equipped with running
ssa water, or in a live box which is towed
behind the boat. On shore, the live shrimp are.
kept usualliy in large bait boxes suspended in
tha water or in large holding tanks through
which sea water is pumped (Inglis and Chin,
ravised by Baxter, 1966).

Most vessels fishing in offshore waters
uee a pair of 12-to 15-m flat or balloon otter
trawls, but some ure only one. Almost all
boate use trynetm, which are miniature trawls,
to locate fishable c¢oncentrations of shrimp.

A detailed desoription of trawling gear was
given by Robas (1959).

- In the eariy fighery in the United Statesn,
fishing was primarily with haul seines and cast
nets, In Mexico, fixed traps predominated.
‘Between 1912 and 1915, the otter trawl was

intreduced and by 1917, it had become the stand-

ard commercial gemr. Praoctically all shrimp
boate on the Atlantio ocoast were equipped with
power winches by the mid-twenties, but with the
exception of Texaz, winches were not introduc-
ad inte the Qulf until the late thirties
(Johnson and Lindner, 19343 Anderson, Lindnér
- and King, 1949). In the Culf of Mexioo, double-
rig trawling was tried first in 1955, and was
soon adopted by mest offshore boats tKnake,
Murdook and Cating, 1958).

5- 12 - Boats

- Vessels of varied design, usually nrot
sxceading 9 to 14 m in length, are used in the
inrhore fishery. Power is supplied by enginas
that burn gasoline or distillate. The boats are
equipped usually with power winches and rope or
wire towlines (U.S. Fish and Wildlife Servioce,

1958),

Vapsels in the offshore fishery are
predominantly Florida-type trawlers, which are
- desoribed ir detail by Cook and Lindner (1%70).

'511

5.2 Fishing areas
| 5,21 (eneral geographio distribution

Ps Botiferus is fished along the Atlantie
coast from Pamlico Sound, North Carolina to
about Vero Beach, Florida {land areas 237 and
238) and in the Gulf of Mexioco from Apalachiocola,
Florida to about lat. 23° ¥ on the Mexiocan coast
(1and areas 235, 237, and 311), Betwsan lat.
23° X and Tupiloo, Tabasoo, Mexico, there is no
fishery. From Tupilco, however, the fishery
exXtends eastward to about Champoton, Campeche.
The ‘3 centers of abundance are in Qecrgia,
louisiana, and between Alvaro Obregén, Tabasoo,
and Isla del Carmen, Campeche (Hildebrand,
19553 Carranza, 19593 Anderson and lunz, 19653
and Lindner, personal observations),

5.22 Geographic ranges

The accompanying map (Fig. 1) adapted from
Hildebrand (1954), Lindner and Anderson (1956),
Anderson and Iunz (1965), and Lindner (personal

observations ), delineates the primary fishing
- Breas. |

523 Depth ranges

The white shrimp has been recorded from
depths down to 82 m, but it is moat ambundant on
bntt3ma shoreward of 27 m (see sections 2.1 and
Je33)e |

5«24 Condition of grounds

Sea saecgtion 2.1.

5.3 Fiuhigﬁ;aeaaane

White shrimp are harvested all year but
peak produotion ie in the autuwn. Between 1956
and 1959, the greatest monthly catch in Texas
waters was ftaken in September, about 631 percent
of the catoh was made during September and
Ootober and aboui 84 percent from August through .
November. The only other month of high product-
ion was May (Qunter, 1962). The greatest catoh
off the east coast of Florida is made from |
September through January and the pesk is in
Dacember (Joyoe, 1965 ), |

5.4 Fishing operations and resulis

D41 FEffort and intensity

Fishermen fraquently land mixed catches of
brown, white and pink shrimp. In these instano=
eg, effort is reported only for ths dominant
Bpeciee and not by individual speocies. As a
1esult, there have been ne relisble studies that

 Tequire effort information on individual speoies.
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5;42 Seleotivity

No oritiosl data are available for
Po potiferua on the selective properties of
zenr or el7eots of changes in mesh sizes but,
presumably studies on the other 2 species
would be appliocadbles -

Market prices of all commercoial penaeids
4y ths United States are based on sigeg the
largent shrimp command the highest prioe,
Fishornen frequently fish in sreas that yield
larger shrimp in preference to aress with too

- many small shrismp, When largs quantities of
snall shrimp are taken, it is not uncommon for
thent Y0 bo dimocarded sither because they do not
meet minimum pise regulations; or besause the

- #ishermen 4o not want to bother with thenm,

Laws on minimum sie are enaoted by
individuel etates and therefore vary. =

Offlhﬁri phringp rlitfl are highly mobile,

and are moving ocontinuslly fron one looation
%0 another as sbundance of ths 3 comneroially
important speocies changes. During periocds of

~ iml, Duri

peak nhuhdanca of one speoies, boats frequent-

leaving other aresas and speoies unfiehed, At

- other times of the year, the fleet is dispers-

od over the entire fishing range.
| ' 5.43 Catohes
See eescotion 4,22,

Takle IV gives United States shrimp prod-
wotion through 1940, It 1s estimated that
vhite sheimp constituted more than 95 percent
of those landinga. The United States began
oolleoting more detalled statistioe on its
Gulf ocast landings in 1956 and expanded thie

- poverage to the Atlantio coanst fishery in 1957,

Table 1II (section 4.22) gives the United
Stetes white shrimp landings sinoe 1957. Thene

~landings do not include produotion from the

bait Pisheries, whioh in some arsas is sudbstant-
g 1964, for example, more then
850,000 1b {about 400,000 kg) of shrimp were

taken for bait in Galvesion Bay, Texas (Inglis
and Chin, revised by Baxter, 1966)., About

65 peroent or 250,000 kg were white shrimp
(Kenneth Baxter, personsl communication).
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TABLE IV

United States shrimp land

ings thmugh 1940

in metric tons, whole weight {Power, 1960)

Oulf coast,
Florida to Texas
’

Fast coast,
North Carclina to F]ﬂrida
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6 FROTECTION AND MANAGEMENT

6.1 Regulatory (legislative) measures
- In thﬂ U-E-A-,- saoh ﬂf_. the Bhri'mp-produo-!
" ing States has its own legislation but all
.require liocenses for fiehing vessels. In
Mexico, only membera of legally authoriged
fishing ocooperatives ocan fish ocommeroislly for
shrimp (U.S. Fish and Wildlife Service, 1958y
| Lindmr, 1957 ).

In tha'U.B.l., regulatory measures vary
greatly between States and someiimes, even

between countles within a State. The fnllowing'

types of regulatory measures are ‘comuonly
imposadi - | |

{1) Limitations on sisze and type of gonr -
usads
(11) limitations on size of Hhrimp parmttt¢a
tn be landad; ' |

611

i

“ ._ h

tiii; linitatiunn on ostoh in 1nuid- wntarn;
(iv) permanent and temporary olosure 'of
inside waterss
(v) temporary olosure of outeide vaters
within tarritnrial 1imite.

-'  6.2 - Qontrol oxr alturatinna of ngniaal
| | aaturan nf the anrirnnnunt

| 'ank'(uﬂ) demonstrated that tha abundnnaﬂﬁ

- of poatlarval and Jjuvenile shrimp is reduced
~ greatly along bulkheaded portions of estusrine
. borders. He has also obtained data (personal

communiocation) which show that silt from

 dredging and spoil banks kills submerged ?ugaf-

- - ation. |
- habitat of young Penasus, and as the vegetat- -

Submerged vegetation ieg a praferred

ion disappearsa from an area the number of

-sbrimp decreases greatly.
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7  POND FISH CULTURE

In general, P. setiferus is regarded as
being well suited for pond culture. Attempts

at oulturing have besen experimental, however,

- and there are no commercial pond culture oper-—

ations at the present time.

- In one of the earlier culture experiments
conduoted by Johnson and Fielding (1956), sex-
ually mature P. setiferus that had been reared
or held in dirt ponde spawned viable eggs when
placed in a 2% x. 9 x 12 m conorete tank filled
with sea water. The resulting larvae were rear-
ed to postlarvae in 10 to 12 days. The shrimp
weare roared to a total length of 50 mm in the
tanks in whioch they were hatched. Water in the
tank was fertiliged with a commercial inorganio
 fertilizer (7 parte eleomental nitrogen; 9 parts
phosphoric aocidj O parts potash) to promote
algal growth for larval food during early
development. Later stages were fed dally on
ground fish, I S

. The work of Johnson and Fielding has not
been repeated and subsequant workers have had
to rely on postlarvae taken from the estuaries
to stock their ponds. Reoently, however, Cook

- {1969) developed a method for culturing white

ahrimp larvaee under laboratory conditions. -
‘Although this method needs further modification

- before large-scale oculture becomes practical,

sufficient nunbera of poetlarvae were reared to

atock a 0,05<ha (1/8-acre) pond. After the
‘laboratory-reared shrimp had been in the pond
117 days, Ray Hhhhler-gparﬂnnal'nnnmuniuatinn)

" harvested 32 kg (70 1b) of shrimp with an

-millien,
- seed ocake, is used for fiah oontrol in Asia,
but lunz and Bearden (1963) found it to be too

 average total length of 112 mm. Survival was

B84 percent. Wheeler did not add supplemental
foods instead he fertilized the pond water with
chicken manure. During the firet 35 days, the
shrimp graw at a rate of 2,33 mm per day, but -
during the remainder of the experiment average
growth was reduced to only 0,23 mm per day.

lung (1967) reported that white shrimp
stocked in ponds as young adulte in the spring
reached sexual maturity the following spring,
but they did not spawm.
Bluff Laboratories, Wadmalaw Island, South

" Carolina, have also Bucceeded in rearing white

shrimp postlarvae fror egge spawned in the
laboratory. Luns {1967) said that sowe eggs
hatched and 2 percent of the resulting larvae
ware reared to postlarvaae, -

Johnson and Fiaiding (1956 ) were troubled |

. by exoeseive mortalities, as have baen pubse-

quent workers. One of the causes of mortality
has been the presence of predacecus fish. lunsz
and Bearden (1963) found that rotenone, & speo-
ifio poison for fish, does not kill shrimp and
other deoanod orustaceans when applied in prope-
er concentrations. They used 1.4 kg (3 1b) of
powdered oube root with a 5-percent-rotencns

content for each 1,233 m3 of water, glving a

rotenone conocentration of about 1.5 parts per
Saponin, a poison ocontained in tea

expenaive for general use, even though it
worked satisfaotorily.

Personnel at the Bears
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